In this study, curvilinear regression was applied to the relationship between BMI and body fat percentage, and an analysis was done to see whether there are characteristic changes in that curvilinear regression from elementary to middle school. Then, by simultaneously investigating the changes with age in BMI and body fat percentage, the essential differences in BMI and body fat percentage were demonstrated. The subjects were 789 boys and girls (469 boys, 320 girls) aged 7.5 to 14.5 years from all parts of Japan who participated in regular sports activities. Body weight, total body water (TBW), soft lean mass (SLM), body fat percentage, and fat mass were measured with a body composition analyzer (Tanita BC-521 Inner Scan), using segmental bioelectrical impedance analysis & multi-frequency bioelectrical impedance analysis. Height was measured with a digital height measurer. Body mass index (BMI) was calculated as body weight (km) divided by the square of height (m). The results for the validity of regression polynomials of body fat percentage against BMI showed that, for both boys and girls, first-order polynomials were valid in all school years. With regard to changes with age in BMI and body fat percentage, the results showed a temporary drop at 9 years in the aging distance curve in boys, followed by an increasing trend. Peaks were seen in the velocity curve at 9.7 and 11.9 years, but the MPV was presumed to be at 11.9 years. Among girls, a decreasing trend was seen in the aging distance curve, which was opposite to the changes in the aging distance curve for body fat percentage.
Introduction
There have not been a large number of studies that analyzed the relationship between body fat and physical strength or motor ability. Fujii et al. (2008) and Tanaka et al. (2008; constructed regression polynomials of body fat percentage with respect to BMI (body mass index) and investigated physical strength using the level of fat accumulation with respect to BMI from the derived evaluation charts. They showed that body fat, even without obesity, has a negative effect on physical strength. One may readily imagine that body fat would have a negative effect on physical strength, but in fact there are few reported studies in which this relationship was directly analyzed. In this sense, the studies of Fujii et al. (2008) and Tanaka et al. (2008; may be considered valuable resources. The importance of these studies is not that they have led to conclusions regarding the correlation between BMI or body fat percentage and physical strength or motor ability, but that they showed a relationship between BMI and body fat percentage, and demonstrated that physical strength and motor ability could be judged based on the level of fat accumulation from body type determined by BMI.
BMI is currently used in medicine around the world as an indicator to express level of obesity. However, BMI is derived from numerical values for body height and weight, and so naturally does not consider fat mass. It has been shown, however, to be highly correlated with body fat percentage and degree of obesity, and a study by Keys et al. (1972) placed it as an important index in the field of body composition research. The later findings of Garrows and Webster (1985) verified its effectiveness as a simple indicator of body fatness. Other indices to express level of obesity include the Rohrer index (body weight g/(height cm) 3 ϫ107), the Livi index [Benn index, Ponderal index: (body weight g 1/3 /height cmϫ10
2 )], and the Kaup index (body weight g/(height cm) 2 ϫ10). Of them, however, the Kaup index is often applied in judging obesity in young children and the Rohrer index in school-age children.
Change with Age in Regression Construction of Fat Percentage
for BMI in School-Age Children Katsunori Fujii 1) , Takaaki Mishima 2) , Eiji Watanabe 3) and Kazuyoshi Seki The reports of Kaku (1977) and Suzuki (1984) may be referred to for a review of the historical literature on physical indicators. For a general review of BMI, please refer to Hattori (2006) . While it may be said that there is a high correlation between BMI and body fat percentage, the trends differ between males and females. Wang and Bachrach (1996) reported a correlation of rϭ0.72 between BMI and body fat percentage in females, but a low correlation of rϭ0.15 in males. They also reported that BMI is more strongly affected by fat-free mass than by fat mass. Maynard et al. (2001) reported that increases in BMI during the growth period depend greatly on changes in fat-free mass. From data for Japanese subjects, Tahara et al. (2002) reported that a striking increase in fat-free mass was seen in males accompanying growth. These reports show that there are differences in the relationship between BMI and body fat between schoolchildren and adults, and between males and females.
In the relationship between BMI and body fat percentage, however, judgments are often made from the linear regression of body fat percentage to BMI, but application of polynomial regressions may also be considered. In the studies of Keys et al. (1972) , Garrows and Webster (1985) , and Wang and Bachrach (1996) , the relationship between BMI and body fat percentage was derived from linear regressions. However, cases may also be imagined in which the validity of curvilinear regression is high. Considering the validity of third order polynomial regressions in the relationship of body fat percentage to BMI in the findings of Fujii et al. (2008) and Tanaka et al. (2008; , assuming curvilinear regressions may be more appropriate. In Japan there are very few direct analyses of the relationship between BMI and body fat percentage in schoolchildren. Of course, while there are few studies that have examined the relationship between BMI and obesity in schoolchildren (Tahara, 1995; Uehama et al., 1999; Hirohara and Hattori; 2004) , there are almost none on the changes in BMI with age or the aging trends in the relationship between BMI and body fat percentage.
Among those that exist, applied wavelet interpolation to longitudinal changes in BMI with age in girls, and reported that menarche occurs at the age of mean peak velocity (MPV) in the velocity of changes in BMI with age. This may have been the first such attempt among studies of changes in BMI with age. In addition, Fujii et al. (2005) investigated the changes in BMI with age and the changes in the Rohrer index with age, and showed that BMI is a valid index. However, while there is essential meaning in investigating the changes in body fat percentage with age, it is also difficult to accumulate data showing body fat with age, so that changes in body fat with age are estimated by looking at BMI. Simply because there is a high correlation between BMI and body fat, however, does not mean it is always the case that the changes with age are the same. While it may be presumed that similar curves are followed in girls, one may imagine that there is some difference in boys. It also seems very likely that different ethnic groups, even if BMI is the same, will have different body fat percentages. Swinburn et al. (1996) , using bioelectrical impedance analysis (BIA), analyzed the body compositions of Polynesians and Caucasians and reported that they were different. Gurrici et al. (1998) stated that while BMI is a simple index for judging obesity, it does not actually reflect body fat or fat-free mass.
Based on the above, in this study we applied curvilinear regression to the relationship between BMI and body fat percentage measured by BIA, and analyzed the characteristics of that curvilinear regression from elementary school through middle school. These aging changes in the regression construction of body fat percentage against BMI are thought to be changes in the difference in morphological quality of body shape during the school years. Therefore, demonstrating the change structure of the differences in morphological quality will provide important basic information for body composition research. This study is the first such attempt, and may be viewed as an original analysis. By investigating changes with age in BMI and body fat percentage at the same time, we verify the essential differences with age in BMI and body fat percentage, and propose the effectiveness of physical composition evaluations derived from BIA measurements.
Method

Subjects
The subjects were 789 boys and girls (469 boys, 320 girls) aged 7.5 to 14.5 years from all parts of Japan who participated in regular sports activities. Regular sports activity was taken to be regular training once or more per week. The subjects were thus active during their school years. The subjects in this study participated in exercise classes or sports including badminton, volleyball, and baseball. Here, "exercise class" indicates swimming and gym training on body use at fitness clubs. The subjects may therefore be considered as a group of active elementary and middle school students.
Before starting the measurements, the purpose and methods of the study and the safety of the measurements were explained fully to the subjects, their parents, and the sports instructors, and written consent to participate in the measurements was obtained. The study was conducted after receiving approval from the research ethics committee at Hachinohe University and Hachinohe Junior College.
Physique and body composition
Body weight, soft lean mass (SLM), body fat percentage, and fat mass were measured with a body composition analyzer (Tanita BC-521 Inner Scan) by segmental bioelectrical impedance analysis & multi-frequency bioelectrical impedance analysis. SLM was calculated with the addition of protein, and fat mass was calculated by subtracting SLM and mineral mass from body weight. Height was measured with a digital height measurer. Body mass index (BMI) was calculated as body weight (km) divided by the square of height (m).
This Tanita BIA device can fundamentally measure children up to 6 years of age, and is recognized as being valid for measurements of elementary and middle school students. A measurement condition was that measurements were made in the morning before lunch.
Analytical procedures
a) Regression analysis was conducted for muscle mass percentage against BMI. First to third order polynomials were derived, and regression polynomials of an appropriate order were determined. (Here, polynomials to the third order were used because, in a study by Fujii et al. (2008) , polynomials up to the sixth order were applied and second or third order polynomials were shown to be appropriate). The level of significance was set at 1% for the correlation between BMI and body fat percentage. b) The trend of regression polynomial from 7.5 to 14.5 years of age was analyzed in each grade of boys and girls. c) The wavelet interpolation method was applied to change of BMI and fat percentage with age from 7.5 to 14.5 years of age in boys and girls, and their trend of change with age was examined. d) The relationships between the trend of change of BMI and fat percentage with age, and the change of regression of fat percentage for BMI were examined.
Validity of degree of regression polynomial
In regression polynomials, regression lines from regression analysis with two variates are generally applied. However, there are cases with 2-variate regression analysis in which the second or higher order relations are judged to be more appropriate than first-order-relations. In such cases, 2nd, 3rd, 4th, or other order approximation polynomials are applied. Matsuura and Kim (1991) applied least squares approximation to height and weight growth, and investigated the growth pattern. Largo et al. (1978) used spline smoothing to investigate height growth patterns. All of these methods apply least squares approximation polynomials, and have led to useful findings. From these reports, an appropriate order for the regression polynomial of muscle mass percentage against BMI was determined in this study based on an investigation of the residual sum of squares that was applied by Matsuura and Kim (1991) . In addition, the Akaike information criterion (AIC) was applied to confirm the validity of the order. AIC was calculated as shown below.
(Here, s is the sum of squared deviation, n is the number of data, and k is the number of explanatory variables.)
All the preceding calculations were done with Microsoft Excel 2007.
Regarding the Wavelet Interpolation Method
To approximate the true growth curve from the supplied growth data with the wavelet interpolation method (WIM), the interval between data and data is interpolated from the wavelet function and a growth distance curve is drawn. This distance curve is differentiated to arrive at the growth velocity curve, and the growth distance value of the age at menarche and the puberty peak are examined. The WIM can sensitively read local phenomena, and has an extremely high level of approximation accuracy. The theoretical background and grounds for its efficacy have been described in previous studies (1995; 1999) . The procedures were applied to the growth distance values for BMI from 7.5 to 17.5 years of age in female Korean high school students. First, WIM was applied to the age distance value for BMI. Then, the age distance curves for BMI in Korean girls were differentiated, and the age at MPV of BMI (MPV of BMI during puberty) was specified from the velocity curve through this process. In addition, this process was conducted for each individual, and the difference between age at MPV of BMI and age at menarche was calculated for each person. Table 1 shows the statistical values for physique, BMI, and body fat percentage for each year in boys and girls from the age of 7.5 to 14.5. Regression analysis was then conducted for body fat percentage against BMI with this data. The results, as shown in Table 2 , showed significantly high correlations at all ages for both boys and girls. The effectiveness of regression was also seen in judgments made from coefficients of determination. To evaluate the possibility of curvilinear AIC n n ϭ ϫ ϩ ϫ ϩ ϩ ϩ log k log σ π 2 ( ) ( ) 2 2 1 regression of body fat percentage against BMI, we constructed first to third order regression polynomials for boys and girls of all school years. Figure 1 shows the first to third order regression polynomials for body fat percentage against BMI in 11.5-year-old boys. Based on the coefficient of determination (R 2 ) shown in this graph, the third order polynomial has high validity. The residual sum of squares and AIC were then calculated, and the results are shown in Table 3 . Judging from this table, the third order regression polynomial at 11.5 years is again seen to have high validity. Using this method, the statistical values for residual sum of squares and AIC were calculated from polynomials of each order for all school grade levels. From this it is seen that, for boys, second order polynomials are valid at age 7.5 years and third order polynomials are valid at age 11.5. For girls, third order polynomials were seen to be valid for ages 11.5 and 13.5 years.
Results
Validity of regression polynomials of body fat percentage against BMI in boys and girls of each school year
For both boys and girls, first order polynomials were seen to be valid in all other school years.
Characteristic changes with age in BMI and body fat percentage
Figures 2-5 show graphs of the application of wavelet interpolation to changes with age in BMI and body fat percentage from 7.5 to 14.5 years. Among boys, BMI showed 72 Regression Construction of Fat Percentage for BMI an increasing trend from 16 to 19.5. In the velocity curve, the MPV was detected to be at 13.2 years. However, a decreasing trend with age was seen in body fat percentage. Among girls, increasing trends were seen in both BMI and body fat percentage. Age at MPV of BMI was 12.1 years and age at MPV of body fat percentage was 12.0 years, very nearly the same. From these changes with age in BMI and body fat percentage in boys and girls, there was seen to be a very high correlation in the relationship between the two elements with age. In girls the changes with age in the two elements were similar, but in boys there were opposite trends, with BMI increasing and body fat percentage decreasing. From this we see that in girls BMI closely reflects changes with age in body fat percentage, whereas in boys the increase in BMI is not related to body fat percentage, and may be presumed to show an effect from lean body mass percentage. Figures 6 and 7 are graphs of lean body mass percentage calculated for both boys and girls, with wavelet interpolation applied from age 7.5 to 14.5 years. The results show a temporary drop at 9 years in the aging distance curve in boys, followed by an increasing trend. Peaks were seen in the velocity curve at 9.7 and 11.9 years, but the MPV was presumed to be at 11.9 years. Among girls, a decreasing trend was seen in the aging distance curve, which was opposite to the changes in the aging distance curve for body fat percentage.
Discussion
The contribution of Key et al. (1972) lies behind the worldwide use of the degree of correlation between BMI and body fat percentage as a standard for level of obesity. In addition, the findings of Garrows and Webster (1985) verified the effectiveness of this as a simple indicator of body fatness. However, these findings were derived from the linear relationship between BMI and body fat percentage. Of course, BMI and body fat percentage have been demonstrated to be closely related even in their linear relationship, but with closer investigation of the data composition it is necessary to investigate not only the linear relationship of the first order regression but also the curvilinear regression. Therefore, in this study we analyzed the regression trend for body fat percentage against BMI from elementary school through puberty. The linear regression trend was seen to be significant for all ages in both boys and girls, and BMI and body fat percentage were shown to be closely related. Reported studies on the regression trends in BMI and body fat percentage through the school years include the study of Maynard et al. (2001) , who found that the increase in BMI during the formative years depended greatly on changes in fat-free mass, but there are few reports from Japan. In this sense the findings of the present study are thought to be meaningful. In addition, the investigation of the curvilinear regression of body fat percentage against BMI showed the validity of second order polynomial regression in boys aged 7.5 years and third order polynomial regression in boys aged 11.5 years, and of third order polynomial regression in girls aged 11.5 and 13.5 years. Thus, the study also provides new findings that have not been shown in the past. In both boys and girls, height and weight increase rapidly and individual differences increase during puberty. BMI was also shown to increase rapidly, and body fat percentage with respect to BMI showed differing increasing and decreasing trends in girls and boys, but individual differences became larger. It is assumed that the validity of the third order polynomial stems from this kind of biological variation. Fujii et al. (2008) and Tanaka et al. (2008; have emphasized the validity of curvilinear regression during junior high school, and it may be reasonable to assume that if the amount of data is increased and there is more variation during puberty, second and third order polynomials would be valid even during the school years.
In this study, the fundamental regression trend for body fat percentage against BMI was a first order regression polynomial in nearly all cases for both boys and girls through the school years; we did not obtain findings that strongly emphasized the validity of curvilinear regression in the school years. However, with the accumulation of more data, the trends in linear and curvilinear regressions in the school years will likely become clearer. Fundamentally, with respect to the changes with age in regression construction of body fat percentage against BMI, body shape in the school years can be understood from the differences in morphological quality indicated by Fujii et al. (2008; . This suggests that even with the same body shape, physical strength and motor ability change with differences in level of fat accumulation. In fact, Fujii et al. (2008; Tanaka et al. (2008; have investigated physical strength according to differences in morphological quality in Japanese and Korean middle school students. It will be very important to verify when the effects of differences in morphological quality on physical strength occur during the school years, and for that purpose, investigations of the process leading to differences in morphological quality from regression polynomials of body fat percentage against BMI will be meaningful.
In any event, there is considerable meaning in the significant and very high correlation between BMI and body fat percentage in both boys and girls through the school years. There is a major difference between boys and girls in this close relationship during the school years, however. As pointed out by Tahara et al. (2002) , a striking increase in fat-free mass is reportedly seen with growth in boys, and BMI does not necessarily reflect body fat percentage. To further investigate this point in the present study, wavelet interpolation was applied to BMI and body fat percentage, and to the changes with age in fat-free body mass percentage. The changes with age were then analyzed. It was noted with great interest that a comparison of the changes with age in BMI and body fat percentage in girls showed that the MPV in changes with age were nearly the same for BMI and body fat percentage. In fact, showed that the age at MPV of BMI coincided with the occurrence of menarche, and the present findings affirm the findings of that study showing that, if the age at MPV of BMI and body fat percentage coincide, menarche occurs when entering the stage of a positive increase in body fat. In short, for girls BMI positively reflects body fat percentage. For boys, on the other hand, the changes with age in BMI and body fat percentage are opposite: BMI shows an increasing trend, whereas body fat percentage shows a decreasing trend. Looking at the changes with age in lean body mass percentage, boys show a clear increase while girls show a decreasing trend. As is clear from these changes with age, BMI does not necessarily reflect body fat percentage in boys, as was also indicated by Maynard et al. (2001) . As pointed out by Gurrici et al. (1998) as well, while BMI is a simple indicator for judging obesity, it does not reflect body fat or fat-free mass. The convenience of BIA, which can measure body composition relatively easily, is therefore needed. Swinburn et al. (1996) analyzed body composition in Polynesians and Caucasians using BIA. Kontogianni et al. (2005) and Isjwara et al. (2007) also reported the effectiveness of BIA measurements. In Japan, Minematsu et al. (2009) used BIA for residents of sparsely populated areas in the Asia-Pacific region and investigated it as a health indicator. They pointed out that the use of the relatively convenient BIA is particularly useful in such sparsely populated or developing regions. In the present study, BIA was used to investigate the changes with age in body fat percentage against BMI and in regression construction. The changes with age in BMI and body fat percentage were also investigated with the wavelet interpolation method. In the end, the high correlation between BMI and body fat percentage in boys is a phenomenon independent of changes with age in the two elements, while in girls the relation between the two elements is an essential difference that must be recognized. These findings suggest the usefulness of the BIA used in this study.
Conclusion
In this study we demonstrated the regression construction of body fat percentage against BMI in schoolchildren, analyzed the changes with age in BMI and body fat percentage by applying the wavelet interpolation method, and provided important basic information for body composition research. We found that for the regression trend for body fat percentage against BMI in schoolchildren, second order polynomials are valid for boys 7.5 years old and third order polynomials are valid for boys 11.5 years old, while third order polynomials are valid for girls 11.5 and 13.5 years old. The validity was seen for first order polynomials in other school years for either boys or girls. These trends are presumed to be affected by the amount of data for each school year and by biological variation of individual differences at puberty. However, the fundamental regression trend for body fat percentage against BMI was a first order polynomial in nearly all cases for both boys and girls, and we did not obtain findings that strongly emphasized the validity of curvilinear regression in school-age children. In any event, this study is the first time such findings have been derived. In addition, we applied the wavelet interpolation method to changes with age in BMI and body fat percentage. In a comparison of changes with age in BMI and body fat percentage in girls, we found that the MPV was nearly the same in changes with age in BMI and body fat percentage. In boys, the changes with age in BMI and body fat percentage showed a reverse phenomenon. That is, while BMI increased, body fat percentage decreased. Finally, the height of the correlation between BMI and body fat percentage in boys is a phenomenon independent of the changes with age in both elements, whereas in girls the height of the correlation showed a structure in which the close relation between changes with age and both elements remained.
